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The  Role  of  Phosphotyrosine  Phosphatases  in  Breast  Cancer 


Introduction 


The  formation  and  cleavage  of  phosphate  ester  bonds  are  common  biochemical 
events  involved  in  many  biological  processes  such  as  signal  transduction,  energy  storage, 
and  protein  phosphorylation.  The  phosphorylation  state  of  protein  in  cells  is  controlled  by 
two  enzyme  families,  protein  kinases  and  phosphatases.  Tbe  involvement  of  a  number  of 
protein  tyrosine  kinases  and  protein  tyrosine  phosphatases  (PTPases)  in  regulating  signal 
transduction  has  recently  been  identified.^  Signal  transduction  is  the  mechanism  by  which 
external  signaling  stimuli,  such  as  hormones  and  cytokines,  transmit  information  across  the 
cell  membrane.  This  information  modulates  cellular  processes  such  as  metabolism, 
transcription  and  translation  of  DNA,  cell  division,  cell  growth,  cellular  transformation, 
and  apoptosis.^ 

Many  tyrosine  kinases  have  been  shown  to  be  oncogenic.  Abnormal  tyrosine 
kinase  activity  is  often  associated  with  cell  transformation.  On  the  other  hand  the  role  of 
PTPases  in  cell  transformation  is  still  unclear.  It  was  formerly  accepted  that  PTPases 
functioned  merely  to  reverse  the  activity  of  tyrosine  kinases.^  In  the  light  of  the  discovery 
of  transmembrane  PTPases,  the  relationship  between  kinases  and  phosphatases  is  believed 
to  be  more  complex  than  the  simple  antagonists.  Moreover,  the  overexpression  of  PTPa  (a 
soluble  PTPase)  in  rat  embryo  fibroblasts  causes  the  activation  of  pp60src  by 
dephosphorylation  of  the  negative  regulatory  site,  leading  to  oncogenic  cell 
transformation.'*  An  increased  level  of  PTPases  activity  was  also  observed  in  breast  cancer 
and  head  and  neck  squamus  cell  carcinoma.^  The  exact  role  of  PTPases  in  these 
transformed  cells  is  still  unclear,  although  it  is  possible  that  they  may  play  a  crucial  role  in 
oncogenesis.  Early  efforts  in  the  study  of  tyrosine  phosphorylation  focused  on  tyrosine 
kinases.  However,  with  recent  discoveries  of  different  PTPases,  an  awareness  of  the 
importance  of  this  enzyme  family  has  grown  considerably. 

Almost  all  known  PTPases  hydrolyze  p-nitrophenylphosphate,  although  the 
preferred  substrates  are  phosphopeptides.  Almost  all  known  PTPases  share  substantial 
active-site  homology.  This,  however,  does  not  imply  that  all  existing  PTPases  are 
homologous  or  use  the  same  catalytic  motif.  The  technique  by  which  most  known 
PTPases  have  been  isolated  requires  such  that  these  proteins  share  homology  with  the 
catalytic  domain  of  PTPIB,®  the  first  high  molecular  weight  PTPase  isolated  from  human 
placenta.  It  is  possible  that  PTPases  that  do  not  share  the  same  catalytic  domain  as  PTPIB 
have  yet  to  be  discovered.  In  addition,  substantial  sequence  homology  does  not  guarantee 
identical  reaction  pathways.  Studying  a  number  of  PTPases  with  inactivators  developed  in 
this  laboratory  may  help  to  reveal  subtle  differences  between  these  enzymes. 

A  number  of  enzymological  studies  on  PTPases,  especially  yersinia  PTPase  (Yop 
51)’  and  CD45  (a  transmembrane  glycoprotein  found  in  hematopoetical  cells)*  suggest  that 
the  hydrolysis  of  phosphatemonoesters  proceeds  through  a  phosphoenzyme  intermediate. 
A  rapid  quench  experiment  using  *^P-labeled  synthetic  phosphopeptide  as  substrate 
revealed  that  rapid  phosphorylation  of  CD45  occurs,  followed  by  a  slower  hydrolysis 
process.’  This  enzyme  family  share  homologous  region  of  approximately  250  amino  acid 
long,  consisting  of  a  number  of  highly  conserved  residues.™  One  of  these  residue  is  a 
cysteine  which  is  believed  to  be  the  active-site  nucleophile  involved  in  phosphate 
hydrolysis. 

A  number  of  small  compounds,  such  as  diethyl  pyrocarbonate,  phenylglyoxal, 
iodoacetic  acid,  and  arsenic  acid,  are  non-specific  inhibitors  for  PTPases.  Since  the 
preferred  substrates  for  these  enzymes  are  phosphopeptides,  it  is  unclear  whether  these 
inactivating  agents  interact  with  active-site  amino  acid  residues  or  with  any  reactive  residues 
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in  the  protein.  Therefore,  specific  PTPase  inactivators  are  necessary  tools  to  study  this 
enzyme  family.  These  inactivators  can  be  used  to  study  substrate  specificity  and  the  nature 
of  active  site  residues.  This  information  is  valuable  in  designing  more  specific  and  potent 
inactivators  which  could  be  used  in  in  vitro  and  in  vivo  studies  of  PTPases. 

The  focus  of  this  work  is  to  develop  active-site  specific  and  potent  affinity 
inactivators  for  Yop51.  This  particular  PTPase  was  selected  as  a  representative  of  the 
enzyme  family  because  many  studies  have  been  done  on  this  enzyme.”  These  affinity 
reagents  can  potentially  be  use  in  tagging  and  isolating  previously  unknown  PTPases.  They 
may  also  be  useful  in  delineating  the  role  of  PTPases  in  cellular  signal  transduction 
processes  and  their  roles  in  tumorigenesis. 


Body 


Our  work  in  developing  potent  affinity  reagents  for  PTPases  has  resulted  in  three 

significant  observations. 

1 .  a-Bromobenzylphosphonate  (compound  1)  is  the  basic  inactivator  motif  identified 
to  inactivate  Yop51  in  low  millimolar  range. 

2.  The  a-bromophosphonate  analog  of  dibenzofuran  (compound  2)  is  active  against 
Yop51  in  low  micromolar  range. 

3 .  Incorporation  of  a-bromobenzylphosphonate  into  a  benzodiazepine  template  (via  a 
combinatorial  chemistry  technique)  resulted  in  an  inactivator  that  is  approximately  a 
hundred  fold  more  potent  than  compound  2. 


Figure  1.  Affinity  reagents  for  PTPases 


a-Bromobenzylphosphonate  ( compound  1 ). 

It  has  been  established  in  our  laboratory  that  compound  1  is  an  affinity  reagent  for 
Yop51.”  It  is  active  against  the  enzyme  in  low  millimolar  range.  This  molecule  inactivates 
by  acting  specifically  at  the  enzyme  active  site. 
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a-Bromobenzyl  Analog  of  Dibenzofuranyl  ( compound  2 ). 

However,  compound  1  also  demonstrated  some  activity  towards  low  molecular 
weight  dual  PTPase.*^  In  the  efforts  to  develop  more  potent  and  more  specific  affinity 
reagents  for  Yop51,  the  basic  motif  or  a-bromoarylphosphonate  was  modified  by 
appending  an  electron-withdrawing  or  an  electron-donating  ^oup  at  the  para  position  or  by 
extending  the  aromaticity.  The  preparation  of  compound  2  is  illustrated  in  Scheme  1. 


Scheme  1.  Synthetic  pathway  for  the  preparation  of  compound  2 
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In  addition  to  compound  2,  eleven  other  compounds  were  prepared.  These 
molecules  were  subsequently  tested  against  Yop51.  Their  ICjg  values  (the  concentrations 
required  to  inactivate  the  enzyme  in  5  minutes  to  give  50%  remaining  enzymic  activity) 
were  then  compared  to  evaluate  the  potency  (Appendix  1). 

Compound  2  has  an  IC50  value  of  40  pM.  It  is  the  best  the  twelve  compounds 
synthesized  and  tested.  The  extension  of  aromaticity  in  compound  2,  providing  a  more 
rigid  and  planar  system,  appears  to  improve  binding  affinity  to  the  enzyme  active  site.  This 
increased  binding,  in  turn,  may  have  increased  the  ability  of  the  molecule  to  trap  an  active- 
site  nucleophilic  residue,  leacing  to  enzyme  inactivation.  An  inactivation  experiment  was 
also  carried  out  in  the  presence  of  p-naphthylphosphate,  a  good  substrate  for  Yop51.  In  the 
presence  of  2  mM  p-napthylphosphate,  inactivation  was  decreased  by  approwmately  40%. 
This  observation  revealed  that  compound  2  most  likely  inactivates  specifically  in  the 
enzyme  active  site.  Compound  2  was  also  tested  against  other  family  of  phosphatases  such 
as  prostatic  acid  phosphatase,  purple  acid  phosphatase  and  low  molecular  dual  specificity 
phosphatase.  The  results  indicated  that  it  is  not  active  against  those  phosphatases. 

Benzodiazepine  Library. 

The  result  of  the  study  on  compound  2  prompted  us  to  incorporate  the  a- 
bromoarylphosphonate  motif  into  a  planar  scaffold  such  as  a  benzodiazepine  molecule. 
Benzodiazepines  are  an  important  class  of  compounds  commonly  used  as  templates  in 
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combinatorial  chemistry  libraries.  They  are  good  pharmacophores  and  have  been 
demonstrated  to  have  promising  activities  as  antithrombotics.''* 

General  methods  for  the  solid-phase  synthesis  of  l,4-benzodiazepin-2,5-dione 
hbraries  have  been  reported  in  the  literature.'^  We  chose  to  use  the  method  developed  by 
Ellman  and  coworkers''*  because  this  synthetic  method  is  mild  and  tolerated  by  an  a- 
bromoarylphosphonate  functionality. 

Compound  12  was  synthesized  (Scheme  2)  and  subsequently  used  to  prepare 
compound  3  (Scheme  3).  In  preliminary  experiments,  we  synthesized  compound  3  via 
both  solution  chemistry  (Scheme  3)  and  solid  phase  chemistry.  Compound  3  is  a 
prototype  inactivator  having  a  benzodia2«pin  template.  Initial  kinetic  experiments 
demonstrated  that  compound  3  is  a  potent  inactivator  for  Yop51  (Appendix  2).  Its 
approximate  IC50  value  is  between  1  and  5  pM,  roughly  400  fold  better  than  compound  2 
and  10  fold  better  than  compound  1.  This  observation  suggests  that  the  benzodiazepin 
portion  of  the  molecule  improves  affinity  for  the  enzyme  active  site,  since  the  reactive  motif 
of  the  molecule  (the  a-bromobenzylphosphonate)  remains  the  same. 

A  series  of  molecules  (Figure  2)  are  being  prepared  to  be  used  in  place  of 
compound  12  in  constructing  a  combinatorial  library  of  inactivators.  This  synthetic 
method  provides  a  rapid  way  of  generating  hundreds  of  molecules  in  a  short  period  of  time. 
These  compounds  will  then  be  tested  for  activity  against  Yop51. 


Scheme  2.  Synthesis  of  compound  12 
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Scheme  3.  Solution  synthesis  of  compound  3 
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Figure  2.  Analogs  of  compound  12 
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Conclusions 


Our  study  of  inactivators  of  Yop51  has  a  number  of  important  implications.  (1) 
Non-peptidic  inactivators  of  Yop51  may  be  useful  for  in  vitro  studies  to  delineate  the  role 
of  PTPases  in  breast  tumor  development.  (2)  The  enzyme  appears  to  bind  well  to 
molecules  which  have  an  extended  planar  geometry.  Compound  3  is  the  best  novel 
inactivator  for  PTPases  that  has  been  synthesized  to  date. 

The  preparations  and  studies  with  the  compounds  described  in  this  report  are 
ongoing  and  may  yield  compounds  suitable  for  both  in  vitro  and  in  vivo  studies  on  the 
efficacy  of  these  inactivators  in  treatment  of  breast  cancer. 
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APPENDIX  1 


IC50  TABLE 


IC50  Values  (jiM) 
1929 

164 

166 

800 

2098 

2382 

2129 

116 
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%  Activity  Remaining 


APPENDIX  2 


Yop51  Inactivation 


Compound  3 

•  100  pM 
n  50  pM 
A  10  pM 
o  5pM 

«  1  pM 

♦  0.5  pM 
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